q\\\‘ Stony Brook University

A Brief Introduction To
Calorimetry

Nils Feege
n
. Stony Brook Local Meeting
g n February 21,2014
. )
<> "




Calorimeters are used everywhere
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Calorimeters measure particle
energies by total absorption
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Why Calorimeters!?

* Momentum (tracker) and energy (calorimeter) resolutions:
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* Measure charged and neutral particle (and ‘missing’) energy.
* Fast signal generation.



Muon Energy Loss
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Electron / Positron Energy Loss
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Photon Energy Loss
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Anatomy of an electron / photon
cascade

electromagnetic:
. lonization, excitation,
5 “),\,4 photo effect, scattering
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Longitudinal Cascade Development

Depth (X,,) Moliére radii
B 0 5 10 15 20 25 30 O 1 2 3 4
R . T [ 1 T r T T |
S 121 1 10%
< 10: /°-o\1 GeV a) b)
S I / o\ | oy " Shower max
S sl [ om0 103 o ", ! X,
" = / \O >'\_M"\ | L’;. 5 * 15 Xo
V ; X& o \100GeV L .°'..
R 6f / A N\ ] e
-g F ey i 102_ U:)_ ><xxxxx""xxl:l ....... E
i ; . Tail e, |
“é? | Early -y % xx..:“:::hm’;
> B *.-:;-{-._;::_JJF'{‘)’ N
g I R A S S B ',I_.“I ':;::J:f.*
a 0O 1 2 3 4 5 6
Depth (cm) Distance from shower axis (cm)

Cascade depth ~In(E) makes calorimetry feasible!



Basic Calorimeter Types

Homogeneous Sampling

PbSc EMCal
Quad-Tower Module

S

CMS ECAL: PbWO4 PHENIX ECAL: Pb / Scintillator




Anatomy of a hadronic cascade

electromagnetic:
lonization, excitation,
T € ! photo effect, scattering
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—> Very large fluctuations from one cascade to another.



Calorimeter response to pions
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CALICE Analog Hadron Calorimeter

| prototype (I m3)
* 38 sensitive layers (scintillator; 5 mm)

S + absorber (steel, 2 cm)
TSyl * 216 scintillator tiles (3x3 ... 12x12 cm?)
o Sy e | photodetector (SiPM, Ix] mm?)
L E% ~ 8 000 read-out channels
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The Dawn of 3D Imaging
Calorimetry
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EIC PbWO4 EMCAL in Geant4




ePHENIX Calorimeters




Summary

* Energy measurements with calorimeters play an
important role in various fields.

* Basic principle: Generated signal ~ deposited Energy.
* Calorimetry for hadrons more challenging than for
electrons / photons because of

+ large fluctuations
+ ‘invisible’ energy depositions
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